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ABSTRACT

In this research program, we has investigated and determined basic
gpecifications of experimental equipments and instruments being
developed in the Architecture Fire-Prevention Laboratory Group under
the project of “The Experimental Facility Establishment Plan of Institute
of Architecture and Building Research, Ministry of Interior,” by
following conclusions on items and basic requirements of experimental
equipments and instruments made in the consulting meeting of “Planning
on Experimental Equipments and Instruments for the Architecture
Fire-Prevention Laboratory Group” in March 15, 1999. These basic
specifications can be used for the purchasing and examination processes
in the future, and further to ensure high quality and correct function of
experimental equipments and instruments.

Experimental facility considered in this study includes three furnaces
for fire-resistance tests of door (or wall), column, and beam (or floor),
and some individual equipments and instruments used in laboratories of
fire-resistance materias, fire-prevention materials, smoke and toxicity,
and fire-prevention structures. Every individual equipment or instrument
has its own file containing catalogs or instructions, plots of basic design,
installation and operation manuals, gquotations, and technical references.
These materials can be used for the purchasing and examination
processes in the future.

Considering experimental facility for fire-suppression researches, we
first introduced research programs on fire-suppression performed by
some research centers in different countries, then presented our
experimental results on fire-suppression of wood cribs by water
application in using afire products collector, and finally gave suggestions
on experimental facility used for fire-suppression researches.
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WXxDXxH@M)| WxDxH(mM) | WxDxH (m)
CNS 11227, 12514, 4x4X 6x5x7.5 8x7x75 0 NG
JIS 1301, 1302, 1304, 6X2X-2 8x3x-2 400
1SO 834. 0.7-1m IDF
CNS 12514, 05x05x 4.2 5x5x 7.5 7X7x75 0 NG
JIS 1301, 1302, 1304, 5x5x-25 7X7x-25 2000 IDF
1SO 834.
0.7-Im

CNS 12514, 7x10x 3 9x12x3 0 NG
JIS 1301, 1302, 1304, 7x10x-35 9x 12x -3.5 70
1SO 834. 4X8X2 0.7-1m IDF

NG

IDF
CNS 11227,
JIS 1311.
4x4x4

CNS 12514,

JIS 1301, 1302, 1304.

CNS 11227, 12514,
JIS 1301, 1302, 1304,
1311
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Equipment

Multi-Purpose Furnace
2000T-Loading Equipment
Lxk Wall Furnace
Exhaust Duct

Dust Catcher

Exhaust Fan
After-Burning Furnace
Underground Exhaust Duch



(7)

D)
(2) 3
(4)
(5) (6)
(7)
(8)

(1) ISO 834
(1SO 834 Fire-resistance tests - Elements of building

construction - Part 1. General requirements, 1st Edition, 1999-09-15)
7

(a (furnaces)

(b)
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(©)

(d)
(e) (loading) (restraint)
(f)
(9) (deformation)
(h) (integrity) (elapsed time)
(i)
(2) CNS 11227 9 ASTM

E119 8 1SO 3008 10
CNS 12514 11 ASTM E119 8

CNS 1SO 1SO
1SO
(3
(@
(b)
1400
(©)
(d)

(€)

16



(f)
(9)

(h)

(i)

()

PID

(k)

PID

(integrity)

17

(LPG)

uv

(elapsed time)



(4)
@

(b) 4

(c) 400W x 400H (cm)
(d) 200 ton x 2 units = 400 ton
() 430W x 450H x 100L
(cm) 500W x 520H x 140L (cm)
) (flat flame burner)
(5)
(@
(b) 4
(c) 200W x 200L x 500H (cm)
(d) 2000 ton
(e) 400W x 400L x 500H (cm)
) (luminous flame

radiant-type gas burner)

(9)

18



(6)

(@

(b) 4

(© 400W x 600L x 200H (cm)

(d) 100 ton 65
kg/cm?

(e) 400W x 800L x 200H (cm)

(f) (luminous flame

radiant-type gas burner)

(9)
(7)

(a (self-balance
portal reaction force frame) 200 ton x 30 cm
stroke 500 kg/cm®

(automatic control static distortion amplifier)
200 ton (load cell)

(b)

750 cm 2000 ton x 50 cm stroke

500 kg/cm?

19



(spherical pedestal)
100 x 100 cm 2000 ton

(©)

U 100 ton
x 30 cm stroke 500 kg/lcm® 100 ton
16 65 kg
(d) 500 kg/cm?
500 L
(€)
(8)
(@)
S$400
SUS310 S$400
S$400
S$400
(b)
(excess air burner) (LPG)
uv
800
(9)

(@

20



(b)

(©) (i)

1ISO 834

(iii)

(iv)

(V)
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(i1)



(Cone Calorimeter)
ASTM E1354 ISO 5660-1
ASTM E13%4

D
(2) 3 (4)
()
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(Cone Calorimeter)

Rm.

ASTM E1354  1SO 5660-1

ASTM E1354
Standard Test Method for Heat and Visible Smoke Release
Rates for Materials and Products Using an Oxygen
Consumption Calorimeter

| SO 5660-1
Fire tests — Reaction to fire—
Part 1: Rate of heat release from building products (Cone
calorimeter method)

1. 13.1MJ/ 1kg O,
(heat release rate per unit areq)
@ (oxygen consumption, mole fraction)
(exhaust flow rate, m?/s)

(b) (maximum heat release rate per
unit area, KW/m?)

(© (average heat release
rate per unit area, kW/m? specified at 60, 180, and 300sec
after ignition, or for other appropriate periods)

(d) (total heat released by specimen, MJn?)

2. (mass loss rate per unit

area, g/m’s)

(effective heat of combustion, MJKkg)
3. (obscuration of light)
(average specific extinction area, m%kg)

(smoke devel opment)
4. (external ignition)
(time to sustained flaming, sec)
(ignitability)
ASTM E1354
1 (conical-shaped radiant electric heater)

@

23




5000W 100kg/m®

@

(b)
(irradiance) 100kW/m?
50 x 50mm +2%
+10%
(©
K
+2
0~1000
2
(d)
(exhaust system)
(intake duct) (exhaust duct)
0.012~0.035m"/s
(b (restrictive
orifice)
(gas sampling ring probe)
(soot collection)
(9] (orifice plate
flowmeter)

(mass loss measurement system)
(load cell)
1000g 0.1g
(specimen mounting system)
@ ASTM E1354

(b)

(ignition system)
@ (spark plug) 10kV
(b) (ignition timer) 1

1

(oxygen analyzer & gas sampling
system)
@ (paramagnetic type) 0~25%
O, (repeatability) 100ppm

12

24




+50ppm

(b)
(©) (pump)
(soot
filter)
(7um filter)
(d)
(HCL, THC) CO CO,
(smoke obscuration measuring system)
@ 1Imw (He-Nelaser)
(detector)
(refractory gasket) (split yoke)
(b)
(© 0.6328um (0.3,
0.8) (neutral density filter)

(system control, data
acquisition and reduction)
@ (windows based
software)

(b)

(©)

(thermal absorber)

. (heat flux calibration)
C)

(heat fluxmeter)
(b) (fail) (thermopile)
(matt-black)
100kW/m? +3%

0.5%

25




3. (heat release rate calibration)
@ (caibration burner)
(b)

99.5%
10kW

165(L) x 60(W) x 250(H) cm  300kg

220VAC, 40 Amps, 60Hz, single phase

Tap water 3L/min, 241kPa (35psi)

No oil/water compressed air, 620kPa (90psi)

Methane (UHP 99.9%), 25L/min

Oxygen-free nitrogen (UHP 99.9%), 5L/min

(soot collection)
(HCL, THC) CO CO,

ASTM E1354

ASTM E1354 IS0 5660-1
Cone Calorimeter 111, Combustion Analysis

System, Toyo Seiki Seisaku-Sho, LTD.
3. Cat. No.607, Cone Calorimeter 111, Model: C3

4. Cone Calorimeter 111 C3

26
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(1) (2) (3)
(4) () (6) ()
(8) 9) (10) (11)
(12)

27



BRE (Building Research Establishment Ltd) FRS

(Fire Research Station) 10MW (large fire
calorimeters) (sprinklered calorimeter)
(passive) (active)
LPC (Loss

Prevention Council)

CO
Minimax
100m?
12m  4m 60L/min/m?
CO; 3,300kg
600,000L/min 21.5m° 5m
Argotec Argon, N, CO,

20m

NIST BFRL (Building and Fire Research Laboratory)
(Fire Safety Engineering)
(Fire Safety Systems) (Large Fire Research)
(Fire Dynamics)

(Fire Service Alarm Panel) CFAST FAST

FASTLite Hazard | (FASTData Fire Test
Database) 1m 22m

28



BFRL (Fire

Science) (Fire Sensing and Extinguishment)
FE/DE (fire-emul ator/detector-eval uator)
NIST BFRL 1998
152

UL (Underwriters Laboratories)
(1)

(2) .0MW (heat release calorimeter)
(required delivered density, RDD)
©)
(actual delivered density, ADD)
RDD
(4)
(Phase Doppler Particle Analyzer, PDPA)

FM (Factory Mutual Research)
10MW

1MW 12

Tewarson 13 1976 (laboratory-scale)
(fire products collector) (fire size)

29



(total heat release rate)

(polymethylmethacrylate)

10kwW
(polystyrene)

(convective heat release rate)

Heskestad 14
MW
Bill 16

(standard hotel bed)

1.6
55%  56%
121 77
(radiative heat release rate)
400kW 250kW

Lee 17,18

RDD

RDD

30

Babrauskas 15

(upholstered chair)

1.5MW
1.4AMW

(required delivered density, RDD)
(pack storage)



78 12
FM 1MW

12

FCL B

12

31



FM

10MW

140

10MW

BRE
10MW

32

FRS

12

Malvern

UL



D) (2) 3)
(4) (5)
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6. pp.23-28 1999 3

7. “Fire-resistance tests — Elements of building construction — Part 1.
General requirements,” 1SO 834-1, First Edition, 1999-09-15.
8. “Standard Test Methods for Fire Tests of Building Construction and

Materials,” ASTM E119 — 98, April 1998.
9. 11227

A3223 86 10 21

10.“ Fire-resistance tests — Door and shutter assemblies,” 1SO 3008, First
Edition, 1976-04-01.

11. 12514

A3305 78 5 19

12.
NSC78-0401-E-006-08

13.Tewarson, A., “Heat Release Rates from Burning Plastics,” Journal of
Fire and Flammability, Vol.8, p.115, 1977.

14.Heskestad, G, “A Fire Product Collector for Calorimetry into MW
Range,” FMRE Technical Report, June 1981.

34



15.Babrauskas, V., “Burning Rates,” the SFPE Handbook of Fire
Protection Engineering, (DiNenno ed.-in-chief), Chapter I1-1, National
Fire Protection Association, Quincy, MA, 1988.

16.Bill, R.G, J., Brown, W.R., Hill, E.E., J., and Stavrianidis, P,
“Sprinkler Research, Task 1: Fire Growth and Plume Measurements,”
FMRE Technical Report, 0Q5N0. RAQ70 (A), July 1989.

17.Lee, J., “Extinguishment of Rack Storage Fire of Corrugated Cartons
Using Water,” Fall Technical Meeting of Eastern Section, The
Combustion Institute, Clearwater Beach, Florida, Dec. 3-5, 1984.

18.Lee, J., “Early Suppression Test Response (ESTR) Program, Phase I:
Determination of Required Delivered Density (RDD) in Rack Storage
Fires of Plastic Commodity,” FMRE Technical Report, May 1984.
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10.
11.

12.
13.

12.
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CNS 6532  JISA 1321

CNS 6532
JISA 1321

Test Method for Incombustibility of Interior Finish Material

and Procedure of Buildings.

750 £ 10 20
CNS 6532

1.

(1) CNS 6532

2

3)

750 £ 10 30

4)

(5) 50 £ 3mm 40 £2 mm
2.

(1) CNS 5534 0.75

1.6mm CA

() 2 10 £ Imm
3.

(1

1200
2
3)

40




4) 1200

(5) 1 +0.3%
/FS £ 1 digit
1. CNS 1468 0.5mm
2.
3.
1. CNS 6532
2. 2
3.
110VAC, 240 Amps , 60Hz, single phase
1. CNS 6532
2.

—

CNS 6532 A3113
2. No.701
Toyoseiki, No.604, ISO FElementary Material

Heating Furnace
3. No.701

41
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CNS 6532  JISA 1321
CNS 6532
JISA 1321
Test Method for Incombustibility of Interior Finish Material
and Procedure of Buildings.
3
7 3 3
10 3 6
CNS 6532
1. 2
(1) CNS 6532
180 x 180 x 90mm
2
3) 0.8mm 12mm
10mm 1kW
4) T
2+ 0.lmm
(5) 220 x 220mm
25mm
(6)
(7) CNS 12064 10mm 0.8
10 CNS 6532
20
2.
(1) 38mm
75mm 150mm
(2) 1.6mm 0.75

43




25mm

3.
(1
Im 1.41m
(2) 30cm
1.5L
3)
4.
(1) 3 250mm
0~
1000 0~240
(2)
1.
2.
3.
4.
1. CNS 6532
2. 4
3.
110VAC, 5 KVA, 60Hz, single phase

44




2A/5A 6V

CNS 6532
CNS 6532 A3113
No.700
Toyo Seiki  No.605
No.700

45
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(Oxygen Indexer — Elevated-Temperature Test)

Rm.
25 ~ 150 400
(minimum concentration of oxygen)
(oxygen index)
20.9
(flammability
temperature, FT) ISO 4589  ASTM D2863-97

SO 4589
Plastics-Determination of burning behavior by oxygen index —
Part 1: Guidance
Part 2: Ambient-temperature test
Part 3: Elevated-temperature test

ASTM D2863-97
Standard Test Method for Measuring the Minimum Oxygen
Concentration to Support Candle-like Combustion of Plastics
(Oxygen Index)

(transparent heated

chimney)
(oxygen index)
20.9
ISO 4589
1. (test chimney)
(a) (concentric heat-resistant

glass tubes)

()
400 125
+2 125 +3
(©) 450mm 75mm
5 ~ 10mm
40mm/s

48




90mm/s

(d) 3 ~5mm
80 ~ 100mm
(specimen holder)
(a) (self-supporting)
(the
extent-of-burning criterion) 15mm
(b) (supported) ISO 4589
(gas supplies)
(a)
(b) 0.1% (m/m)
(©)
0.2% (V/V)
(d)
(e)
(gas measurement and control device)
(@)
10.5% (V/V) 10.1% (V/V)
(b)
(fume extraction system)
(flame igniter)
(a) 2mm *
Imm
(b)
16mm + 4mm
(a) ISO 4589
2
(b)

(timing device)

49




5 +0.5s

4, (tool for preparing rolled film)
2 £0.lmm 0.3 £0.05 mm
20mm 160 £ Imm

100(L) x 100(W) x 100(H) cm

110VAC, 30 Amps, 60Hz, single phase

98% 98%
LPG
1. ISO 4589
2.
3.
1. ISO 4589  ASTM D2863-97
2. Tovoseiki, No0.606 Oxygen Indexer
SUGA, ON-1
3.

50
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(Cone Calorimeter)

ASTM E1354  ISO 5660-1

ASTM E1354
Standard Test Method for Heat and Visible Smoke Release
Rates for Materials and Products Using an Oxygen
Consumption Calorimeter

I SO 5660-1
Fire tests — Reaction to fire —
Part 1: Rate of heat release from building products (Cone
calorimeter method)

1. 13.1MJ / 1kg O,
(heat release rate per unit area)
(a) (oxygen consumption, mole fraction)
(exhaust flow rate, m’/s)

(b) (maximum heat release rate per
unit area, kW/m?)

(©) (average heat release
rate per unit area, kW/m?; specified at 60, 180, and 300sec
after ignition, or for other appropriate periods)

(d) (total heat released by specimen, MJ/m?)

2. (mass loss rate per unit

area, g/m’s)

(effective heat of combustion, MJ/kg)
3. (obscuration of light)
(average specific extinction area, m*/kg)
(smoke development)
4, (external ignition)
(time to sustained flaming, sec)

(ignitability)

ASTM E1354

1. (conical-shaped radiant electric heater)

(a)

53




5000W 100kg/m’

(b)
(irradiance) 100kW/m®
50 x 50mm 2%
+10%
(c)
K
+2
0~1000
2
(d)
(exhaust system)
(a)
(intake duct) (exhaust duct)
0.012~0.035m"/s
(b) (restrictive
orifice)
(gas sampling ring probe)
(soot collection)
(©) (orifice plate
flowmeter)

(mass loss measurement system)
(load cell)
1000g 0.1g
(specimen mounting system)
(a) ASTM E1354

(b)

(ignition system)
(a) (spark plug) 10kV
(b) (ignition timer) 1

1

(oxygen analyzer & gas sampling
system)
(a) (paramagnetic type) 0~25%
0, (repeatability) 100ppm

172

54




+50ppm
(b)
(©) (pump)
(soot
filter)
(7um filter)

(d)
(HCL, THC) CO CO,

(smoke obscuration measuring system)

(a) ImW (He-Ne laser)
(detector)

(refractory gasket) (split yoke)
(b)
(©) 0.6328um (0.3,

0.8) (neutral density filter)

(system control, data
acquisition and reduction)
(a) (windows based

software)

(b)

(©)

(thermal absorber)

(heat flux calibration)

(a)
(heat fluxmeter)
(b) (foil) (thermopile)
(matt-black)
100kW/m” +3%

0.5%

55




3. (heat release rate calibration)

(a) (calibration burner)

(b)

99.5%
10kW

165(L) x 60(W) x 250(H) cm  300kg

220VAC, 40 Amps, 60Hz, single phase

Tap water 3L/min, 241kPa (35psi)

No oil/water compressed air, 620kPa (90psi)

Methane (UHP 99.9%), 25L/min

Oxygen-free nitrogen (UHP 99.9%), 5L/min

(soot collection)

(HCL, THC) CO CO,

1. ASTM E1354

2.

3.

1. ASTM E1354  ISO 5660-1

2. Cone Calorimeter I1I, Combustion Analysis
System, Toyo Seiki Seisaku-Sho, LTD.

3. Cat. No.607, Cone Calorimeter 111, Model: C3

4. Cone Calorimeter I1I C3

56
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A-4

CNS 10285 A-4
A-5
CNS 10285
A-4 A-5
(Methods of Test for Flammability of Textiles, A-4 & A-5)

1.A-4
(D

2)

)

2.A-5
(D

2)

G)

CNS 10285
(1) SUS304

329(W) x 329(D) x 762(H)mm
(2)

(1)  CNS 10285

60




2)

3.

(1) 9.5mm

200mm
11Tmm 25
)
3) Imm
38mm

4.

(1) 0

~999.9 0.1

(2)

3) 0~1000mmAq
1. CNS 12951
2.
3.
1. 329(W) x 329(D) x 762(H)mm
2. 2
3.
110VAC, 300VA, 60Hz, single phase

CNS 12951

CCD

CNS 10285

61




—

CNS 10285, 13196

SUGA Model CS-18

SUGA Model CS-18
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450g/m’ A-1 45
450g/m’ A-2 45
B-1 B-2
Smm
CNS
10285 CNS 7614
CNS 10285
A-1 A-2 B-1 B-2
(Methods of Test for Flammability of Textiles)
CNS 7614
(Methods of Test for Flammability of Thin Materials)
1 A-1 A-2
(1
)
3)
4
2 B-1 B-2
3. Smm
@) ) 3 “

64




CNS 10285

(1) SUS304
CNS 10285

2)

(1) CNS 10285

2) A-1 A-2
450 x
230mm 490 x 230mm
(3) B-1
400 x 220mm 2mm

(4) B-2

250mm 203.2mm
5)A-1 A2 350 x 250mm B-1

490 x 220mm B-2 230 x 230mm
300 x 200mm
(1) (Micro burner)
(Meker’s burner) 6.4 20 mm
(2)B-1 B-2 (Hexamethylene
Tetramine) 0.15¢g 6.4mm 4.3mm
3)
4) Imm
A-1 45mm A-2
65mm
(1
0~999.9
0.1

2)
3) 0~1000mmAq

65




CNS 10285
CNS 12951

400(W) x 250(D) x 900(H)mm
3

110VAC, 40VA, 60Hz, single phase

CNS 12951

CCD

CNS 10285 CNS 7614

2.

1. CNS 10285, L.3196; CNS 7614 A3125
2. SUGA Model FL-45MC 45
4. SUGA Model FL-45

66
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(Fire Propagation Apparatus, FMRC)

Rm.

The Fire Propagation Apparatus (FPA) developed by the
Factory Mutual Research Corporation (FMRC) is a calorimeter
which enables the ignition, heat release, and fire propagation
performances of materials to be quantified by use of a series of]
parameters. Generation of combustion products such as smoke,
specific toxic species and corrosive gases can be quantified by
use of additional analytical equipment to the basic apparatus.

This unit is becoming ASTM E2058 developed by ASTM
committee ES.

Three tests in conjunction with the apparatus are:
1.An Ignition Test, being used to determine

(1)the critical heat flux (CHF), the minimum heat flux at or
below which no ignition occurs;

(2)the thermal response parameter (TRP), a material property
giving the resistance to ignition upon exposure to a pre-
scribed heat flux.

2.A Combustion Test, being used to determine

(1)the effective heat of combustion (EHC), the energy gener-
ated by chemical reactions per unit mass of fuel vaporized;

(2) the chemical and convective heat release rates;

(3)the average corrosion index (ACI), an indication of corro-
sion damage caused by the combustion products from a
burning material by exposing a metal sensor to the gases
generated during the test and then leaving it in a still
environment for several hours to monitor corrosion;

(4)the smoke yield, the mass of smoke particulates generated
per unit mass of fuel vaporized.

3.A Fire Propagation Test, being used to determine

the fire propagation index (FPI), the inclination of a material to

support fire propagation beyond the ignition zone in terms of]

the chemical heat release rate during upward fire propagation in
an elevated O, environment, simulating the radiant heat flux
emitted from real fire flaming.

The Ignition and Combustion Test expose horizontal speci-
mens to a predetermined external radiant heat flux which can be
set from 0 up to 65kW/m? in air. The Fire Propagation Test uses a
vertical specimen, which is ignited near its base by a radiant heat
flux of 50kW/m? and a pilot flame in air containing 40% oxygen

by volume.
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The Fire Propagation Apparatus consists of’

. Infrared Heaters

(1)Four heaters each supplied with six S000W lamps at
120-144V and associated water and air cooling connectors.

(2)The heaters are controlled by a single phase power
controller.

. Mass Loss Measurement

(1) A 0-2000g load cell with an accuracy of £0.1g.

(2)The load cell is supplied with associated supports and
mechanical stops, to avoid movement damage, and a digital
display for the weight and an electronic tare facility.

(3) Vertical and horizontal specimen holders are provided.

. Air Distribution Chamber and Air Supply Pipes

An aluminum cylinder seated above a distribution chamber

producing a uniform air flow.

. Quartz Cylinder and Water Cooled Shield

(1)Two quartz cylinders fitted above the aluminum cylinder
allow the supply of oxidant to the specimen flame while
allowing radiant energy from the IR heating system to
reach the specimen surface.

(2)An electronically actuated pneumatic piston raises and
lowers a water cooled shield protecting the specimen from
the heat from the IR heaters prior to testing.

. Ignition Pilot Tube

An ignition pilot tube with a four-hole ceramic insert to

produce a stable flame.

. Exhaust System

It consists of an intake funnel, mixing duct, test section, an

exhaust duct and a 9 inch multi-vane exhaust fan, rated to 100
, with controller.

. Gas Sampling System

It consists of a sampling probe, filters, refrigerant cold trap,

pump, drying columns, and flow control.

. Oy, CO,, and CO Analysis

(1) The inlet O, concentration and exhaust O,, CO,, and CO
concentrations are measured using a Xentra 4100 gas
purity analyzer housing all four transducers.

(2) The O, concentrations are measured using two paramag-
netic oxygen transducers, each 0-100% O, with a precision
< 10.1% O,, A zero drift < £0.2% per month and a
response time of 12s to reach 90% of full scale.

(3) The CO, and CO concentrations are measured using infra-
red transducers. The CO measuring range are 0-100 and 0-
500vpm, and the CO, measuring range is 0-2.5%; both
precise to +1% of measuring range with a drift < 2% per
week of the smallest measuring range, and response times
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of less than 3s to reach 90% of full scale.
9. Instrument Frame

It is developed for 19” rack mounting for simple addition by

the user of extra gas analysis if required.

10.Hydrocarbon Analysis

(1)Rosemount hydrocarbon analyzer model 400A with x1,
x2.5, x10, x25, x100, x250, x1,000 ranges with a precision
1% of full scale, a drift £1% per 24 hours and a response
time of less than 3s to reach 90% of full scale.

(2) The sample is passed through a heated filter and line.

11.Smoke Obscuration

(1) A 5SmW Helium-Neon laser.

(2) Twin photodiodes for main beam and reference beam
detection supplied with 0.3 and 0.8 ND filters for
calibration.

12.Corrosion Measurement System

(1) A corrosimeter assesses corrosion by measuring the change
in resistance of the sensor element of the probe.

(2) The corrosimeter is configured for 4 corrosimeter probes.

(3) This system is supplied with a chamber which should be
maintained at 23 +3  and a relative humidity of 60 £ 5%
to monitor corrosion of the probe every 5 minutes for at
least 16 hours after the test.

13.Interface and Software

A 16 channel A-D 22 bit interface, with associated date

acquisition and analysis software.

1. Heat Flux Meter
It is supplied for calibration of the IR heating system.

2. Calibration Burner
It is used to calibrate the rate of heat release of the apparatus
using methane of 99.5% purity and a mass flow meter.

3000(W) x 1000(D) x 2500(H)mm

110VAC, 60Hz, single phase

Tap water

No oil/water compressed air

Methane (UHP 99.9%)
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ASTM E2058 (under development)
FMRC Standard Methods of Test for Meas-

urement of Material Flammability Using A Fire Propagation

Apparatus (FPA), Fire Testing Technology Limited

Flammability of Clean Room Materials,
FMRC J.I. 0B0OJ8.RC, Nov., 1996
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(GC-MS)

(1) m/z 10-900
(2) M/AM=2M AM 1800
3)
methyl stearate 100pg m/z 298 S/N 60
m/z 60-300 J&W DB-1 30m 0.25mm
1.d. 0.5sec
hexachlorbenzene 10pg m/z 286 S/N 50
m/z 60-310 J&W DB-1 30m 0.25mm
i.d. 0.5sec
4) 6750/sec
(%) +0.10amu/24hr
(1) (PFTAB)
2)
4 450
5
350
EI Cl(optional)
70eV 70eV
60nA 2000pA
350 350
(D
2)
(1) 150L/sec

(2) 50L/min
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(1

(1)

(1

CPU Pentium(166MHz)
1.6MB PPS/2

2.1GB 17

36 CD-ROM

3.5inch x 1 (3 modes) 95

2 MB
(2) AFC
(AOC-20s)
3)
4)
(%)
(0)
(7)
(8)
9)
GC 170VAAC MS 1500VA AC
2000 VA AC 6000 VA AC
(2) 18 -28 40%-70%
3) 2000mm 700mm
30mm
4)
30m 0.2mm i.d. methyl silicon

) 99.999% 150kg/cm?
(3) Cl isobutane 99.9%

4
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OADG (DOS/V) 109 keys

800 x 600dots
300bpi

(AOC-20i)

+10%

J&W DB-1
47



CO (Non-Dispersive Infrared CO Analyzer)

0-1000 0-5000ppm 250ppm 1%
CO, H;O CO, 1/10000 H,O 1/10000
+1% 1/10 +2%
+1%
0.5-20 90%
LCD
0-5VCD
60 197

115VAC 60Hz

CO2 (Non-Dispersive Infrared CO, Analyzer)
0-0.5% 0-2.5% 1500ppm  4.5%
H,O H,O 1/1250
+1% 1/10 +2%
+1%
0.5-20 90%
LCD
0-5VCD
60 19”

115VAC 60Hz

O, (Paramagnetic O, Analyzer)
0-5% 0-10% 0-25% 0-50% 0-100%
+1%
0.01%
+1%
20 90%
LCD
0-10mV  0-100mV 0-1VCD 0-5VCD
60 19”
115VAC 60Hz
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(Sampling System)
2
110VAC Teflon

197
single head
0.9cfm/50psig
316
Purge Backflush

316

2um

5 316
220VAC 15 0-200
0-20L/min

316

2um

6rpm

316 Teflon

(1)
(2)
3)
4)
(5)
(6)
(7
(®)
)
(10)
(11)
(12) CO
(13) CO,
(14) O,

78

PU
316

10

0-8L/min
J

3/8” Teflon

200 220VAC 1.5

2”150 316SS RF flange

by-pass 316

2 pump heads and Norprene tubes

Zero/Span
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Eal ol A

10.
11.
12.
13.
14.
15.

30, 60, 125, 250, 500, 1000, 2000, 3000, 5000, 10000fps
512 x 480pixel
DRAM
512 x 480pixel 546
(trigger) (start) (center) (end)

(random)

(1) NTSC RS-170 AV 2

(2) SCSI

TIFF  BMP
C-Mount
51x 114 x 5Ilmm 0.8kg

X, Y
12VDC

10 TFT-LCD

Zoom lens 12.5-7.5 mm F1.2

P-II1600 133 TFT-LCD 12GB HDD  Floppy Drive
128MB DRAM 24 Modem/ SCSI  for Notebook & PC
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(5W Argon-lon Laser)

LDV  PDPA Fiber Drive

(Two-Component Fiber Drive)
Fiber Drive
Bragg Cell 40MHz
) 85%
) 45%

(Fiberoptic Couplers)
Fiber Drive

(Fiberoptic Transceivers)

50mm 40mm 250mm
LDV

PDPA (PDPA Receiver)

PDPA 72mm 300mm
PDPA D1 D2 D3 D1-D2
D1-D3 12 P13

D13 D12
50 1

(Receiver Module)

PDPA
DataVIEW
RSA3100-P
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(RSA Processor)

° 80 MHz

° 64 (LDV) 128 (PDPA)

° 0.5usec (LDV)

° -35MHz (using 40MHz Bragg Cell)
° 120MHz

° Variable to 7SMHz

° 160MHz

° 0.3mVto 1V

° -5dB minimum

° 0.2% of measurement range
° 250,000 measurement / sec

(DataVIEW Software)

DataVIEW LDV  PDPA
LDV  PDPA
)
) PDPA
P12 P13
360°-® @13 ®12

(Three-Axis Computer Controlled Traverse)
PDPA
LDV /PDPA
RS-232
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10.

50cc

(Monodisperse Drop Generator)

80  300um
PDPA
+2% of calculated size
20 50 100pm
0.0027-46.0cc/min 30
0 -2MHz
2-25kHz

13mm Ium
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BFRL 1998

Fire Safety Engineering Division

e Large Fire Research Group:

(1) Advanced Fire Fighting Technology — To develop measurement equip-
ment and techniques for the evaluation of 1) thermal environments
experienced by fire fighters while conducting fire suppression and
rescue tasks, 2) the performance of fire fighters protective clothing and
equipment, while conducting fire suppression and rescue tasks, and 3)
new fire fighting/suppression tools.

(2) Burning of Qil Spills — To determine conditions where in Situ burning
can be used effectively as a response method to accidental spills of
crude oil on land and on water.

(3) Fire Research and Measurement Support for Arson Investigation — To
provide measurement and modeling assistance to support the research
and investigation programs of the ATF, Arson Enforcement Branch.

(4)Large Fire Research Facility — To provide large fire measurement
capabilities to meet the needs of industry and government customers.

(5) Office Building Fire Research Program — To quantify the impacts of
large fires on buildings and their occupants, and investigate the use of
current technology/resources for mitigating the hazards.

e Fire Modeling and Applications Group:

(1) Advanced Fire Detection and Alarm Panels (Cybernetic Buildings) —
To develop an advanced fire annunciator panel that will isolate the
location of a fire in a building, and predict the short and long term
behavior and effects of fire growth and smoke spread in the building.

(2) Application of Zone Fire Modeling in Fire Fighter Training — To
support the use of the CFAST model in real-time fire fighter trainers.

(3) Enhanced Fire Safety Evaluation System — To advance the technical
basis of the FSES and facilitate its evolution to a risk management
tool.

(4) Experimental Application of Fire Hazard Analysis for U.S. passenger
Train Systems — To demonstrate the practicality and effectiveness of
new generation test methods and hazard analysis techniques when
applied to passenger rail transportation vehicle fire safety.
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e Grant Summaries:

(1) Characterization of Sprinkler Sprays and their Interactions with Fire
Induced Flows — To provide high resolution, large-scale planar data
for validation of field models of sprinkler fire suppression; (a) drop
size distribution and droplet velocities produced by a scaled pendent
sprinkler head under various water flow rate conditions, (b) sprinkler
and fire induced gas velocities, and (c) delivered water density to the
burning surface.

(2)Fire Safety Engineering — To investigate fire safety engineering con-
cerns associated with: a) properties characterization and performance
evaluation of the protection foams; b) ignition and burning of heavy
oil emulsion on water; c) critical literature review, experiments and
modeling of two-dimensional fire sources; and d) integration of
CFAST with existing models for the analysis of complex wall
assemblies.

(3)Large Fire Analysis — To develop a modular post-earthquake and
urban/wildland intermix fire growth model.

Fire Science Division

e Advance Fire Measurement Group:

(1) Improvement and Development of Fire Diagnostics — To improve the
capabilities to quantitatively characterize fire behavior using experi-
mental measurement techniques having reliable estimates of accuracy
and precision.

(2) Sprinkler Drop Size and Velocity — To evaluate measurement methods
for sprinkler sprays; measure drop size and velocity distributions for
an existing sprinkler, evaluate the capabilities and limitations of the
optical array probe, and provide information about the appropriateness
of this technique and others for future measurements.

(3) Characteristics and Identification of Super-Effective Thermal Fire-
Extinguishing Agents — To assess the feasibility of candidate thermal
fire extinguishing agents and their properties to halon 1301.

(4) Carbon Monoxide Production and Prediction — To develop a funda-
mental understanding of the mechanisms of carbon monoxide forma-
tion in flames sufficient to produce a detailed predictive model.

(5)Particle Measurement in Support of the Semiconductor Industry — To
develop a facility for accurately measuring particle size/concentration.

e Fire Sensing and Extinguishment Group:
(1)Fire Suppression Chemistry — To develop an understanding of how
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particles which form in a flame inhibited by Fe(COs) act to influence
the extinction process and develop the next generation of suppression
agents and technologies.

(2)Low Environmental Impact Fire Suppression — To facilitate the
development and adoption of promising low environmental impact fire
suppression technologies by: (1) establishing scientifically defensible
test methods foe evaluating the fire suppression performance of
proposed alternatives, and (2) supplementing research in the Next
Generation Program (NGP).

(3)Dispersed Liquid Agent Fire Suppression Screen — To develop a
bench-scale suppression screen suitable for comparing the perform-
ance of dispersed fluids in extinguishing a laboratory-scale flame.

(4)Combustion of a Polymer (PMMA) Sphere in Microgravity — To
determine the burning rates of PMMA spheres in a low gravity
environment under various ambient oxygen conditions and using
various sphere sizes.

(5)Lean Flammability Limit as a Fundamental Refrigerant Property,
Phase IIl — To provide industry with a high precision, repeatable
method for measuring flame limits based upon a counter-flow burner
design.

(6) Technical Support for the Study of Droplet Interactions with Hot
Surfaces — To provide technical support for the study of the dynamics
of droplet/surface interaction and its effect on burning cessation in the
DoD program.

(7)High Heat Flux Measurement Standards — To characterize the capa-
bilities of the convective heat transfer facility for calibrating heat flux
gauges, to complete a gas phase conduction facility for calibrations up
to 100 kW/m?, and to develop for industry new techniques for applica-
tions to critical technologies.

e Materials Fire Research Group:

(1)New Flame Retardant Principles — To develop and demonstrate
successful application of new flame retardant principles for reducing
the flammability of commodity polymers; to understand the flame
retardant mechanism and their effect on physical properties of
commodity polymers; and develop theoretical models to describe
crosslink formation, mass loss rate, products composition, and relative
heat release rate from polymer burning.

(2) Condensed Phase Processes — To understand condensed phase proc-
esses during burning of polymeric materials by measuring thermal
properties, gasification rates and temperatures in the polymer samples,
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by deriving global degradation kinetics from molecular dynamic
calculation, by characterizing polymer residues, and to develop
gasification model including heat and degradation products transport
processes.

(3) Effects of Melt/Drip Behavior on Fire Growth — To investigate the
flow phenomena that are an integral part of the growth of a fire on a
thermoplastic object; and to model these phenomena.

(4) Combustion of Silicone — To understand the combustion mechanism
of siloxane and specifically why the heat release rate (as measured in
the cone calorimeter) of burning siloxane is nearly independent of
external thermal radiant flux.

(5)Flame Retardant Mechanism of SI Additives — To understand the
flame retardant mechanism of SI powders in high density polyethyl-
ene.

(6) Vehicle Fire Initiation and Propagation — To provide a better
understanding of the dynamics of post-collision fires that threaten the
safety of vehicle occupants and to develop realistic, repeatable ignition
protocols for vehicle fire safety testing.

(7) Production and Certification of Cone Calorimeter SRMs — To produce
and certify two standard reference materials for heat, mass, and smoke
release rates in the Cone Calorimeter.

(8) Fire Safe Aircraft Interior Materials — To determine the effects of pre-
ceramic polymers and clay-nanocomposites on the flammability of
polymers useful in aircraft interiors, and to develop theoretical models
to describe thermal degradation behavior of a variety of polymers
including crosslink formation, products composition, and relative heat
release rate from polymer burning.

(9) Radiative Ignition and Subsequent Flame Spread in Microgravity — To
extend BFRL’s theoretical model of ignition and subsequent flame
spread over a thermally thin material in microgravity to a thick
material and participate conducting experiments in drop towers for
comparison of the predicted results with the experimental observation.

e Grant Summaries:

(1) Cross-Linking of Polystyrene by Friedel-Crafts Chemistry to Enhance
Resistance to Thermal Degradation — To develop a suitable system for
Friedel-Crafts chemistry to achieve cross-linking of polystyrene only
under conditions which approximate those which may be encountered
in a small fire.

(2) A Fire Growth Simulation Model for Materials — To develop and
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assess a simulation model to predict the fire growth on commercial
materials used in building construction and interior finish applications.

(3)Evolution of Compartment Exhaust Gases in Buildings: Providing
Evaluation Criteria and Design Tools — To develop correlations for the
prediction of the levels of species yields for conditions leading to the
transport of incomplete combustion products to locations remote from
a burn room, and to provide design tools for fire safety engineers
related to the formation and transport of CO and UHC away from a
burning compartment into a building interior.

(4)Mixing and Radiation Properties of Buoyant Luminous Flame
Environments — To measure the radiation and mixing properties of
luminous buoyant turbulent flame environments and use these results
to improve fire models.

(5)Gas Generator Induced Flow and its Effect on Fire Flame Extinction —
To conduct a literature search on recirculation zones induced by either
a bluff body, a baffle, a backward facing step or a trench inside a wind
tunnel, perform some preliminary computations using Large Eddy
Simulation (LES) code developed at BFRL and compare the results
with the literature data for validation.

(6) Water Mist Penetrations through Complex Openings of Compart-
ments — To understand the phenomena, to reveal the mechanisms, and
to correlate the results of the mist penetration through openings of
compartments during fire extinguishments.

(7) A Theoretical and Experimental Investigation on Physical, Thermal
and Chemical Effects of Condensed Phase Fire Suppressants — To
quantify the physical, thermal and chemical effects of condensed-
phase fire suppressants in extinguishing counterflow laminar flames
by experimental and computational techniques.
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